The synthesis of 4-alkoxy-
Introduction
As part of our on-going research program aimed at identifying new anti-HCV agents, 1 we were interested in synthesizing 1-benzoyl-6-(2-bromophenoxy)-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide derivative 1 (Scheme 1).
The 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide nucleus has been definitely less explored, both in terms of chemical space 2 and biological relevance, with respect to its positional isomer 2H-1,2-benzothiazin-4(3H)-one 2,2-dioxide, whose scaffold characterizes very successful compounds such as the non-steroidal anti-inflammatory "oxicams".
The synthetic route to obtain the 1H-2,1-benzothiazine-4(3H)-one 2,2-dioxide skeleton was first reported simultaneously by two different groups, Loev and co-workers 3 and Rossi and coworkers. 4 Both groups described a virtually identical five-step procedure which entails: (1) the conversion of sulfoacetic acid into its carboxylic methyl half-ester and then (2) into the sulfonylchloride which was then (3) reacted with aniline to give methyl N-phenylsulfamoylacetate; followed (4) by hydrolysis of this ester-amide and (5) cyclization with PPA. An improved 3-step
Results and Discussion
The more convenient Lombardino procedure was chosen to obtain compound 1. Actually, through a serendipitous discovery we found an interesting way to synthesize 4-alkoxy-1H-2,1-benzothiazine 2,2-dioxide derivatives.
Thus, as depicted in Scheme 1, the N-sulfonylanthranilate 4a was prepared by the reaction of methyl 5-chloro-2-nitrobenzoate 8 with 2-bromophenol, in DMSO and in the presence of K2CO3, followed by the catalytic reduction to amino derivative 3a 9 and treatment with MsCl in pyridine and CH2Cl2. The reaction of N-(methylsulfonyl)anthranilate 4a with benzoyl chloride and NaH in dry THF gave the N-benzoyl-N-(methylsulfonyl)anthranilate 5a. When this key intermediate 5a was submitted to the cyclization step by treatment with NaH in dry DMF, the desired cyclization product 1 was not obtained while 6-(2-bromophenoxy)-4-methoxy-1H-2,1-benzothiazine 2,2-dioxide 7a was formed as the major reaction product (40% yield) together with N-benzoylanthranilate 9a (20% yield). The formation of these products is really unusual and contrasts what has already been reported in literature; indeed the cyclization of N-alkyl-N-(methylsulfonyl)anthranilates under basic conditions usually gives the 4-keto 2,1-benzothiazines and not the 4-alkoxy derivatives.
5, 2b
The structure of 4-methoxy derivative 7a was assigned only by NMR experiments since it was not possible to obtain this compound in a suitable crystal form for X-ray analysis. Its 1 H NMR spectrum shows the MeO and H-3 signals as singlets at  3.79 and  6.67, respectively together with a broad singlet at  11.44 due to a NH exchangeable proton. Moreover, 13 C NMR spectrum indicates two diagnostic signals: a singlet of MeO at 57.25 ppm and a singlet of C-3 at 100.57 ppm. To definitively confirm the exact structure of compound 7a, a bidimensional NOESY spectrum was performed. The results indicate two main interactions: the first between the 4-OMe and the H-3 proton and the second between the same OMe group with the H-5 proton ( Figure 1 ). Scheme 1. Synthetic route. Reagents and conditions: (i) 2-bromophenol, K2CO3, DMSO, 100 °C; (ii) H2, Ni-Raney, EtOAc, r.t., 1 atm; (iii) MsCl, dry pyridine, dry CH2Cl2, 0 °C to r.t.; (iv) benzoyl chloride, NaH, dry THF, 0 °C to r.t.; (v) NaH, dry DMF, 0 °C to r.t.; (vi) 48% HBr, 80-90 °C. Besides the 1 H NMR and 13 C NMR experiments, the structure of the N-benzoylanthranilate 9a was unambiguously assigned through X -ray crystallography (Figure 2 ).
Figure 2. ORTEP drawing of compound 9a.
The same behaviour was observed when the ethyl ester derivative 5b was used in the cyclization step; the corresponding 4-ethoxy derivative 7b was obtained (35% yield) together with N-benzoylanthranilate 9b (25% yield) (Scheme 1). In order to evaluate the reaction reproducibility and to exclude any influence of the 2-bromophenoxy substituent on the reaction trend, the cyclization was repeated using both unsubstituted methyl and ethyl N-benzoyl-N-(methylsulfonyl)anthranilate, 6a and 6b respectively; again 4-alkoxy 2,1-benzothiazines 8a (36%) and 8b (33%) were obtained together with N-benzoylanthranilate 10a 10 (20%) and 10b
11
(25%). However, to obtain the target compound 1, 4-alkoxy derivative 7a was elaborated further by N-benzoylation, under basic conditions in THF, to derivative 11 which was subsequently O-demethylated in 48% HBr (Scheme 1). The latter reaction was carefully monitored to minimize the N-debenzoylation reaction.
Turning back our attention to the cyclization step, the unexpected formation of both 4-alkoxy derivatives 7 and 8 together with N-benzoylanthranilates 9 and 10 led us to speculate on the reaction mechanism. In a first hypothesis, it was supposed that desulfonylation occurs together with cyclization on the ester group followed by dehydration. Thus, N-benzoylanthranilate 9a was obtained by desulfonylation. On the other hand, 4-alkoxy-N-benzoyl intermediate (i.e., 11) had to be obtained as a result of cyclization/dehydration. Since 4-methoxy 2,1-benzothiazine 7a was obtained, only an additional N-debenzoylation of 4-alkoxy-N-benzoyl intermediate 11 could explain the formation of derivative 7a. Nevertheless, it must be noted that it has never been reported that cyclization on the ester group is followed by dehydration when the N-alkyl-Nmethylsulfonylanthranilate substrate is used. This observation led us to further speculate that the following mechanism, depicted in Scheme 2 for methyl ester 5a (Ar = 2-BrPh), might be operative: under basic cyclization conditions the methylsulfonyl group is removed which generates the sulfene species (II) 12 together with 9a in its anion form (I); the highly reactive sulfene (II) can react with I giving a simultaneous nucleophilic/electrophilic reaction with the methyl ester and with the nitrogen anion, respectively; this makes it possible for the benzoyl to migrate from the nitrogen to the oxygen atom (III). The benzoyl migration allows the C-4 position to be occupied by a benzoyloxy group, which is a better leaving group than the methoxy one. The benzoate leaves, via cB1 elimination, permitting the unexpected 6-(2-bromophenoxy)-4-methoxy-1H-2,1-benzothiazine 2,2-dioxide 7a to be obtained. The low yield observed for compound 7a, and in general for the other 4-alkoxy 2,1-benzothiazines, could be due to the instability of the sulfene species which hampers a quantitative reaction with intermediate I; unreacted I furnishes benzamide 9a after acidic workup.
Scheme 2. Postulated reaction mechanism.

Conclusions
In conclusion, a reliable procedure for synthesizing 4-alkoxy-1H-2,1-benzothiazines 2,2-dioxide was serendipitously discovered through an unexpected cyclization reaction carried out on N-benzoyl-N-(methylsulfonyl)anthranilates. Nevertheless, this cyclization step results in a low yield which needs to be improved to have an efficient synthetic method. Despite this limitation, the procedure herein reported is, to the best of our knowledge, the only way to achieve 4-alkoxy-1H-2,1-benzothiazines 2,2-dioxide. These 4-alkoxy derivatives can be further functionalized at the N-1 position to prepare unsymmetrically N,O-disubstituted 1H-2,1-benzothiazine 2,2-dioxide derivatives. Attempts are currently underway to improve the yields and apply the new methodology to the synthesis of additional analogues.
General. All starting materials were commercially available, unless otherwise indicated. Reagents and solvents were purchased from common commercial suppliers and were used as such. After extraction, organic layers were collected, dried over anhydrous Na2SO4 and the solvents were removed with a Büchi rotary evaporator at reduced pressure. All reactions were routinely checked by thin-layer chromatography (TLC) on silica gel 60F254 (Merck) and visualized by using UV or iodine. Flash column chromatography separations were carried out on Merck silica gel 60 (mesh 230-400). Melting points were determined in capillary tubes (Büchi Electrotermal model 9100) and are uncorrected.
1 H NMR spectra were recorded at 400 MHz (Bruker Avance DRX-400) as well as 2D
1 H NMR NOESY run in phase sensitive mode. 13 C NMR spectra were recorded at 100 MHz (Bruker Avance DRX-400). Spectra were acquired at 298 K and chemical shifts are given in ppm (δ) relative to TMS. Data processing was performed with standard Bruker software XwinNMR and the spectral data are consistent with the assigned structures. HRMS experiments were performed in the positive ion mode using electron spray ionization (ESI) source; the LC−MS machines consist of an HPLC Agilent 1290 Infinity System equipped with a MS detector Agilent 6540UHD Accurate Mass Q-TOF. Elemental analyses were performed on a Fisons elemental analyzer, model EA1108CHN, and data for C, H, and N are within 0.4% of the theoretical values. Yields were of purified product and were not optimized.
Methyl 5-(2-bromophenoxy)-2-nitrobenzoate (2a).
9 A mixture of methyl 5-cloro-2-nitrobenzoate 8 (4.00 g, 18.50 mmol), 2-bromophenol (1.96 mL, 18.50 mmol) and K2CO3 (3.84 g, 27.80 mmol) in DMSO (30 mL) was heated at 100 °C for 3 h under stirring. After cooling, the mixture was poured into ice-water and the obtained precipitate was filtered off washing with water to give 2a as a white solid (6.1 g, 93%) which was used in the next step without further purification; mp 54-55 °C.
1 H-NMR (DMSO-d6) δ 3.83 (s, 3H, OCH3), 7.20 (dd, 1H, J = 2.8 and 9.1 Hz, H-4), 7.25-7.44 (m, 3H, H-6, H-4' and H-6'), 7.48-7.60 (m, 1H, H-5'), 7.83 (dd, 1H, J = 1.4 and 7.9 Hz, H-3'), 8.16 (d, 1H, J = 9.1 Hz, H-3). 13 5-(2-bromophenoxy)benzoate (3a) . 9 A solution of nitro derivative 2a (6.10 g, 17.32 mmol) in EtOAc (80 mL) was hydrogenated over catalytic amount of Raney nickel at room temperature and under H2 flux for 5 h. The mixture was then filtered over Celite and evaporated to dryness under reduced pressure giving aniline derivative 3a as a yellow oil (3.89 g, 70%) which was used in the next step without further purification.
1 H NMR (CDCl3) δ 3.85 (s, 3H, OCH3), 5.52 (bs, 2H, NH2), 6.75-6.85 (m, 2H, H-3 and H-6'), 6.87-6.98 (m, 1H, H-4'), 7.05 (dd, J = 2.9 and 8.8 Hz, 1H, H-4), 7.15-7.27 (m, 1H, H-5'), 7.54-7.65 (m, 2H, H-6 and H-3'). 13 
Methyl 5-(2-bromophenoxy)-2-[(methylsulfonyl)-amino]benzoate (4a).
A solution of MsCl (0.68 mL, 8.74 mmol) in dry CH2Cl2 (5 mL) was slowly added under stirring to a solution of methyl anthranilate 3a (2.56 g, 7.95 mmol) in dry CH2Cl2 (10 mL) and dry pyridine (0.71 mL, 8.74 mmol); cooled to 0 °C. After 12 h at room temperature, the reaction mixture was poured into ice-water acidified to pH ~ 6 with 2N HCl and extracted with CHCl3 (3 x 15 mL). The combined organic layers were dried and the solvent was evaporated to dryness. The slurry residue was ground with ice-water to obtain a white solid which was filtered off to give 4a (2.78 g, 87%) which was used in the next step without further purification; mp 123-125 °C. 1 H NMR (CDCl3) δ 3.00 (s, 3H, SO2CH3), 3.90 (s, 3H, OCH3, ), 6.90 (dd, J = 1.4 and 8.1 Hz, 1H, H-6'), 7.05-7.10 (m, 1H, H-4'), 7.20 (dd, J = 2.9 and 9.1 Hz, 1H, H-4), 7.25-7.30 (m, 1H, H-5'), 7.60-7.65 (m, 2H, H-6 and H-3'), 7.75 (d, J = 9.1 Hz, 1H, H-3), 10.00 (bs, 1H, NH). 13 
Methyl 2-[benzoyl(methylsulfonyl)amino]-5-(2-bromophenoxy)benzoate (5a).
A solution of 4a (1.16 g, 2.90 mmol) in dry THF (10 mL), was added to a stirred suspension of 60% NaH (0.174 g, 4.35 mmol) in dry THF (5 mL), cooled to 0 °C. After 5 min, a solution of benzoyl chloride (0.51 mL, 4.35 mmol) in dry THF (5 mL) was slowly added. The mixture was stirred at room temperature for 24 h, then poured into ice-water and acidified to pH ~5 with 2N HCl. The resultant solid was filtered off, dried and purified by flash column chromatography on silica gel eluting with cyclohexane/EtOAc (9:1) to give intermediate 5a ( Bromophenoxy)-4-methoxy-1H-2,1-benzothiazine 2,2-dioxide (7a) and methyl (2-benzamido)-5-(2-bromophenoxy)benzoate (9a) . A solution of compound 5a (0.35 g, 0.68 mmol) in dry DMF (6 mL) was added dropwise to a suspension of 60% NaH (0.082 g, 2.04 mmol) in dry DMF (4 mL), cooled at 0 °C. The reaction mixture was allowed to reach room temperature, stirred for 6 h, then poured into ice-water and acidified to pH ~5 with 2N HCl. The precipitate formed was collected by filtration, dried and purified by flash column chromatography on silica gel, eluting with cyclohexane/EtOAc (6:4). to give compound 9a (Rf>) (0.06 g, 20%), as a pale yellowish solid, followed by compound 7a (Rf<) (0.10 g, 40%) 1H-2,1-benzothiazine 2,2-dioxide 8a and methyl (2-benzamido)benzoate (10a) . The title compounds were obtained in manner similar to that used to synthesize compounds 7a and 9a, starting from 6a instead of 5a. Compound (8a). yield 36%, grey solid; mp 158-161 °C. 1 
6-(2-
